(XRD). XRD patterns were recorded on a D/MAX 2400 X-ray diffractometer (Rigaku), using Cu-Kα radiation operated at 40 kV and 100 mA.
The BET surface areas of the samples were calculated from a multipoint BET analysis of the nitrogen adsorption isotherms which were performed using a Micromeritics ASAP 2020 instrument operated at -196 o C.
The surface compositions of the catalysts were determined by x-ray photoelectron spectroscopy (XPS). XPS spectra were collected on a Thermo ESCALAB 250 spectrometer using Al Kα x-rays as the excitation source. The binding energy of C 1s (284.6 eV) was used as an internal standard.
H 2 Temperature-programmed reduction (H 2 -TPR) was performed using a ChemBet TPR instrument. In a typical run, 50 mg sample was first heated to 450 o C under 5% O 2 /He (10 ml/min) to remove any adsorbed species. After cooling down to 50 o C, the sample was exposed to 8% H 2 /Ar (50 ml/min) and the temperature was subsequently raised from 50 o C to 650 o C with a ramp rate of 10 o C/min. NH 3 temperature-programmed desorption (NH 3 -TPD) was performed using a ChemBet TPD instrument. In a typical run, 50 mg sample was first heated to 450 o C under 5 % O 2 /He (10 ml/min) to remove any adsorbed species. After cooling down to 25 o C, the sample was exposed to a gas mixture of 10 %NH 3 /He with a flow rate of 100 ml/min for 1 h. After purging with He at a flow rate of 100 ml/min for 1 h, the NH 3 -TPD is recorded from 25 o C to 400 o C with a temperature ramp of 5 o C/min.
Catalytic activity evaluation
The NH 3 -SCR reaction was performed in a continuous-flow fixed-bed quartz reactor (8 mm i.d.) under atmospheric pressure. 200 mg (40-60 mesh) sample was loaded into the reactor, and the reactant gases (400 ppm NO, 400 ppm NH 3 , 2% O 2 , balanced with nitrogen) were passed through the reactor at a flow rate of 100 ml/min, GHSV = 30,000 ml.g -1 .h -1 . The concentrations of NO, NO 2 and O 2 in the inlet and outlet streams were monitored by an online flue gas analyzer (KM9106 Quintox, Kane International Limited) equipped with NO, NO 2 and O 2 sensors.
The N 2 and N 2 O selectivities as a function of temperature and time on stream in the NH 3 -SCR reaction was systematically investigated by means of using mass spectrometer (OmniStar GSD320) to continuously online detect the possible nitrogencontaining species in the outlet stream. Typically, the feed gas contained 500 ppm NO, 500 ppm NH 3 , 2% O 2 , balanced with He, GHSV = 30,000 ml.g -1 .h -1 . For MnO x -10 and Co-Mn-O-10 catalysts, the Mn 2p 3/2 spectra show a main peak at 641 eV and a secondary peak at 643 eV ( Fig. S3 and Table S1 ). were deconvoluted into two peaks ( Fig. S5 and Table S3 ). The first peak appearing at 529 eV can be assigned to the lattice oxygen and therefore correspond to Co-O and The morphological evolution of Co-Mn precipitate during growth was investigated and the results are shown in Fig. S12 . When the co-precipitation of Co 2+ and Mn 2+
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ions took place for 40 min, small particles with a diameter around 20 nm were found in the co-precipitation system (Fig. S12a) . After 80 min of co-precipitation (Fig.   S12b ), more precipitate particles were formed and agglomeration appeared. When the co-precipitation process proceeded to 160 min, slender whiskers were observed growing on the agglomerate surface (Fig. S12c) . The striking multi-whisker precipitates were obtained after the co-precipitation and further aging for 1h (Fig.   S12d ). [NO x ]: Concentration of NO and NO 2 in the inlet streams minus concentration of NO and NO 2 in the outlet streams, ppm.
V m : The molar volume of reaction gas, m 3 .mol -1 .
S BET : The BET surface areas of the catalysts, m 2 .g -1 .
m: The mass of the catalyst used in activity test, g. The corresponding calculated results are given in Table S4 . Among these catalysts, Figure S13 -S14. Since N 2 and N 2 O were the only two Ncontaining reaction product we have detected during the process of NH 3 -SCR reaction, the selectivity of N 2 and N 2 O were calculated according to the following equations [11] [12] :
The [13] have investigated the activity and selectivity of pure manganese oxides for NH 3 -SCR reaction and found that the activity and selectivity of N 2 of the manganese oxides were determined by the oxidation state and the degree of crystallinity, the N 2 O formation occurs especially on well-ordered manganese oxide crystalline planes due to the presence of high reactive oxygen. Yang et al. [14] and He et al. [15] have claimed the similar conclusion about it. Kröcher et al. [16] [17] Figure S13-S14) , it seems that they could all exhibit high NO x conversion and well N 2 selectivities at low reaction temperature (below 100 o C). 
